Ocean-atmosphere variability in the tropical Indian Ocean is investigated 
Introduction
The relationship between ENSO and the recently discovered Indian Ocean Dipole or Zonal Mode (Saji et al. [1999] ) has been a matter of intense debate in the last few years (Allan et al. [2001] ; Baquero-Bernal et al. [2002] ; Saji and Yamagata [2003] ; Krishnamurthy and Kirtman [2003] ; Gualdi et al. [2003] ). In this work we address some of the open issues with a set of coupled numerical experiments suited to examine: a) If an internal mode of variability of the Indian Ocean exists independently of ENSO, and if such a mode is pertinent to the observed variability; b) The relationship between ENSO and the IOD, and the conditions under which it can be properly simulated.
The particular set up of the numerical integrations follows a strategy adopted in other studies (Yu et al. [2002] ; Yu and Lau [2004] ; Huang and Shukla [2005] ), and aims to identify the physical mechanisms responsible for the teleconnections over the tropical Indo-Pacific region, revealing that the ocean plays a major role.
Model and simulations
The Coupled General Circulation Model (CGCM) consists of the ICTP atmospheric GCM in its 8-layer configuration and T30 horizontal resolution (Molteni [2003] ; Bracco et al. [2004] ), and MICOM (Miami Isopycnic Coordinate Ocean Model) version 2.9 (Bleck et al. [1992] The difference between the observed and the simulated SST climatology in boreal summer, along with the climatology of the modeled winds at 925 hPa, are shown in Fig.1 for the IO ensemble and the TPIO runs, respectively.
In the following, model winds and SST anomalies are compared respectively with NCEP-NCAR reanalysis (Kalnay and Coauthors [1996] ) and the HadISST dataset for the period 1950-1999. Simple Ocean Data Assimilation (SODA) products (Carton et al. [2000] 
The IO ensemble
The IOD index, defined as the difference of area-averaged SST monthly anomalies ( 
The TPIO runs
In the TPIO runs, the Pacific and Indian Ocean are connected also through the oceanic bridge and strong IOD events are often associated with ENSO episodes, as evident from The thermocline in SETIO is linked to the Indonesian Throughflow (ITF), as costal Kelvin waves transport the ITF signal in the SETIO region off south Java (Sprintall et al. [1999] ). ENSO modulates the ITF with weaker (stronger) than normal transport of warm, fresh water from the Pacific to the Indian Ocean during its positive (negative) phase (Meyers [1996] ). Here we limit our analysis to the subsurface. In SODA the correlation between the Z20 anomalies in the ITF region and the Niño-3.4 index is r = −0.63, with maximum correlation r = −0.66 for the thermocline depth anomalies lagging ENSO by two months (Fig. 4a ). In the model runs (Fig. 4b) related winds anomalies in spring (Annamalai et al. [2003] ) may effectively trigger the IOD by upwelling subsurface waters at anomalous temperature, whenever the barrier layer can be eroded. The intensity of the thermocline anomalies is, in most cases, proportional to the strength of the ENSO events.
The TPIO regression maps of winds and SSTAs with the Niño-3.4 and IOD indices (( Fig. 3e-f ) show good agreement with reanalysis ( Fig. 3a-b) and previous results using global ocean models (Gualdi et al. [2003] ; Huang and Shukla [2005] ). The ENSO influence over the Indian Ocean is modulated by the co-occurence of the IOD. The weakening of the monsoon circulation is less evident over the Indian peninsula, and westerly winds along Sumatra strengthen during summer due to cooler than normal subsurface waters upwelled to the surface. In the IOD regression, the wind signal is better positioned and protrudes over Indonesia, and the region of upwelling extends to 10 o S.
Summary
In the IO ensemble the Indian Ocean displays an autonomous mode of variability with some characteristics of the observed IOD. Such a mode is independent on ENSO and has a quasi-biennial frequency dictated by the Rossby wave propagation time. Exceptionally strong events, with a preferred variability on a 8-10 years period, are associated to ≥ 5 o C cold anomalies in SETIO. Interestingly, comparable large anomalies have been recorded by corals from western Sumatra during the Holocene, about 4500 and 6300 years ago (Abram et al. [2003] ), i.e. during periods of low ENSO activity (Moy et al. [2002] ).
Today, however, ENSO strongly conditions the initiation and evolution of the IOD. 
